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ABSTRACT 
The present study investigated the in vitro cardioprotective and lipid peroxidation inhibitory activity of a polyherbal extract 
composed of Momordica charantia, Angelica archangelica, and Hamamelis virginiana using oxidative stress models. The extract 
was prepared using a hydroalcoholic method and subjected to phytochemical screening, which confirmed the presence of 
phenolics, flavonoids, tannins, and other bioactive constituents. Quantitative estimation revealed high total phenolic (74.82 mg 
GAE/g) and flavonoid content (76.39 mg QE/g), indicating strong antioxidant potential. Lipid peroxidation inhibition was 
evaluated using the TBARS assay in cardiac tissue homogenate, where the extract exhibited significant concentration-dependent 
activity with 69.05% inhibition at 400 µg/mL. The extract also demonstrated effective scavenging of hydrogen peroxide, 
superoxide, hydroxyl radicals, and nitric oxide, with notable potency against hydroxyl radicals. The reducing power assay 
confirmed its electron-donating capacity. The IC₅₀ values across assays indicated moderate to strong antioxidant activity 
compared to ascorbic acid. The results suggested that the polyherbal extract exerts cardioprotective effects through inhibition of 
lipid peroxidation, scavenging of reactive species, and stabilization of cellular membranes. These findings support the potential 
application of the formulation as a natural cardioprotective agent and warrant further in vivo investigation. 
Keywords: Cardioprotection, Lipid Peroxidation, Polyherbal Extract, Oxidative Stress, Antioxidant Activity, Momordica 
Charantia, Angelica Archangelica, Hamamelis Virginiana 
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Introduction 
Cardiovascular diseases remain one of the leading causes of 
morbidity and mortality worldwide, with oxidative stress 
being a major underlying factor in their pathogenesis. 
Oxidative stress arises from an imbalance between the 
generation of reactive oxygen species and the antioxidant 
defence mechanisms of the body. Excessive production of 
reactive species such as superoxide anions, hydroxyl 
radicals, hydrogen peroxide, and reactive nitrogen 
intermediates leads to cellular damage, particularly in 
cardiac tissues that are highly metabolically active and 
oxygen-dependent (Cowan et al., 2025; Sharma et al., 2025; 
Tavares et al., 2025; L. Wang et al., 2025). 

One of the primary consequences of oxidative stress in the 
heart is lipid peroxidation, a process involving oxidative 
degradation of polyunsaturated fatty acids present in cell 
membranes. This process results in the formation of 
secondary products such as malondialdehyde, which further 
propagate oxidative damage by forming adducts with 
proteins and nucleic acids. Lipid peroxidation compromises 
membrane integrity, disrupts ion transport, impairs 
mitochondrial function, and ultimately contributes to 
myocardial dysfunction and cell death (Jiang et al., 2026; 
Vikraman et al., 2024; Yang et al., 2024; Zhang et al., 
2023). 
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In recent years, there has been growing interest in the use of 
natural antioxidants derived from medicinal plants as safer 
and more effective alternatives to synthetic drugs. 
Polyherbal formulations, in particular, have gained attention 
due to their ability to provide synergistic therapeutic effects 
by combining multiple bioactive compounds with 
complementary mechanisms of action. Such formulations 
are capable of targeting multiple pathways involved in 
oxidative stress and cardiovascular damage (Ahalya et al., 
2026; Saroj et al., 2026; Saroj et al., 2018; Tripathi et al., 
2018). 
Momordica charantia, commonly known as bitter melon, is 
widely recognized for its antioxidant, anti-inflammatory, 
and cardioprotective properties. It contains bioactive 
compounds such as flavonoids, triterpenoids, and phenolic 
acids that have been shown to modulate oxidative stress and 
improve metabolic function. Angelica archangelica is 
another medicinal plant known for its rich content of 
coumarins and phenolics, which exhibit strong free radical 
scavenging activity and vascular protective effects. 
Hamamelis virginiana, commonly referred to as witch 
hazel, is rich in tannins and polyphenols that contribute to 
its antioxidant and membrane-stabilizing properties (Burico 
et al., 2022; Chavan et al., 2024; Cheesman et al., 2021; 
Cheesman et al., 2023; Çiçek, 2022; Dahlquist et al., 2023; 
Janarthanam et al., 2025; Kao et al., 2024; Langrand et al., 
2025; Pavela et al., 2025; Raafat et al., 2022; Suciu et al., 
2025; Tran et al., 2025; G. Wang et al., 2025). 
The combination of these three plants in a polyherbal 
formulation offers the potential for enhanced antioxidant 
activity through synergistic interactions among their 
phytoconstituents. Such a formulation may provide 
comprehensive protection against oxidative stress by 
inhibiting lipid peroxidation, scavenging reactive species, 
and stabilizing cellular membranes. 
Despite the well-documented antioxidant properties of 
individual plants, limited studies have explored the 
combined cardioprotective potential of these three 
medicinal plants in a single formulation. Therefore, the 
present study was designed to evaluate the in vitro 
cardioprotective activity of a polyherbal extract containing 
Momordica charantia, Angelica archangelica, and 
Hamamelis virginiana using established oxidative stress 
models (Cheesman et al., 2023; Çiçek, 2022; Kao et al., 
2024; Raafat et al., 2022; Suciu et al., 2025). 
The study focused on assessing lipid peroxidation inhibition 
and free radical scavenging activity, which are key 
indicators of cardioprotective potential. By employing 
multiple in vitro assays, the study aimed to provide a 
comprehensive evaluation of the antioxidant mechanisms 
involved. The findings of this study are expected to 
contribute to the development of novel polyherbal 
formulations for the prevention and management of 
oxidative stress-mediated cardiovascular disorders. 
Materials and Methods  

The present in vitro investigation was designed to evaluate 
the cardioprotective potential and lipid peroxidation 
inhibitory activity of a polyherbal extract formulation 
composed exclusively of Momordica charantia, Angelica 
archangelica, and Hamamelis virginiana (corrected from 
“Ageles mamelis”). These plants were selected based on 
their documented antioxidant, anti-inflammatory, and 
vasoprotective properties, which are critically involved in 
mitigating oxidative stress-induced cardiac damage. The 
experimental design involved induction of oxidative stress 
using validated biochemical models followed by assessment 
of lipid peroxidation and antioxidant defence mechanisms. 
Chemicals and Reagents 
All reagents used were of analytical grade. Thiobarbituric 
acid (TBA), trichloroacetic acid (TCA), hydrogen peroxide 
(H₂O₂), reduced glutathione (GSH), nicotinamide adenine 
dinucleotide phosphate (NADPH), and potassium 
phosphate buffer were procured from HiMedia Laboratories 
Pvt. Ltd. (India). Ascorbic acid (reference antioxidant 
standard) was obtained from Sigma-Aldrich (USA). 
Methanol, ethanol, and dimethyl sulfoxide (DMSO) were of 
HPLC grade to ensure high analytical precision. 
Collection and Authentication of Plant Materials 
Fresh plant materials of Momordica charantia (fruit), 
Angelica archangelica (root), and Hamamelis virginiana 
(leaves) were collected from authenticated herbal sources. 
Botanical authentication was carried out by a qualified 
taxonomist from the Department of Pharmacognosy, and 
voucher specimens were deposited for future reference. The 
plant materials were thoroughly washed with distilled water 
to remove contaminants and shade-dried at room 
temperature (25 ± 2°C) for 10–14 days to preserve 
thermolabile constituents. The dried materials were 
pulverized separately using a mechanical grinder and passed 
through a 60-mesh sieve to obtain uniform particle size. 
Preparation of Polyherbal Extract 
A hydroalcoholic extraction method (70% ethanol) was 
employed to ensure efficient extraction of both hydrophilic 
and lipophilic phytoconstituents. The powdered plant 
materials of Momordica charantia, Angelica archangelica, 
and Hamamelis virginiana were mixed in a ratio of 2:1:1 
based on their relative pharmacological contributions to 
antioxidant and cardioprotective activity. A total of 100 g of 
the mixed powder was subjected to maceration with 70% 
ethanol for 72 hours with intermittent shaking to enhance 
extraction efficiency. The mixture was filtered using 
Whatman No. 1 filter paper, and the marc was re-extracted 
twice to ensure maximum yield of active constituents. The 
combined filtrates were concentrated under reduced 
pressure using a rotary evaporator at 40°C and subsequently 
dried in a vacuum oven to obtain a semi-solid extract (Al 
Fahad et al., 2020; Alkhalidy et al., 2023; Madasamy et al., 
2023). The percentage yield of the polyherbal extract was 
calculated using the standard formula: 
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Percentage Yield =
Weight of dried extract

Weight of crude plant material
× 100 

The dried extract was stored in airtight, amber-coloured 
containers at 4°C until further experimental use to prevent 
oxidative degradation. 
Preliminary Phytochemical Screening 
Qualitative phytochemical screening of the polyherbal 
extract was carried out using standard procedures to detect 
the presence of bioactive constituents such as flavonoids, 
phenolics, tannins, alkaloids, saponins, and glycosides. 
Flavonoids were confirmed by the Shinoda test, phenolics 
and tannins by ferric chloride test, alkaloids using Mayer’s 
and Dragendorff’s reagents, and saponins through the foam 
test. The presence of these phytoconstituents is directly 
associated with free radical scavenging activity and 
inhibition of lipid peroxidation, thereby contributing to 
cardioprotective effects under oxidative stress conditions 
(Harborne, 2012). 
Preparation of Test Solutions 
The polyherbal extract was initially dissolved in a small 
quantity of DMSO and further diluted using phosphate 
buffer (pH 7.4) to prepare different concentrations (25, 50, 
100, 200, and 400 µg/mL). The final DMSO concentration 
was maintained below 1% to avoid interference with assay 
systems. Ascorbic acid was prepared in a similar manner 
and used as a standard antioxidant for comparative 
evaluation. All test and standard solutions were freshly 
prepared prior to experimentation to ensure stability and 
accuracy of results (Harborne, 2012). 
In Vitro Oxidative Stress Models and Cardioprotective 
Evaluation 
For the experimental evaluation of cardioprotective activity, 
the prepared polyherbal extract containing Momordica 
charantia, Angelica archangelica, and Hamamelis 
virginiana was investigated in a series of in vitro oxidative 
stress models that mimic membrane lipid damage and free 
radical-mediated cardiac injury. Since oxidative stress is a 
central mechanism in the initiation and progression of 
myocardial dysfunction, ischemic injury, endothelial 
impairment, and membrane destabilization, the study 
focused on biochemical systems capable of generating 
reactive oxygen species and inducing lipid peroxidation. 
The inhibitory effect of the polyherbal extract on such 
oxidative processes was considered an indirect but 
meaningful indicator of cardioprotective potential 
(Kanazawa et al., 2021; Liu et al., 2023; Nyamadzawo et 
al., 2025; Sangeeta et al., 2025). 
Preparation of Biological Substrate for Lipid 
Peroxidation Study 
Fresh goat heart tissue was selected as the biological 
substrate for the lipid peroxidation inhibition assay because 
cardiac tissue is highly susceptible to oxidative damage due 
to its rich mitochondrial content and high oxygen demand. 
Fresh heart tissue was obtained from a local slaughter 
facility immediately after sacrifice and transported to the 

laboratory in chilled isotonic saline. The tissue was washed 
thoroughly with ice-cold normal saline to remove adhering 
blood and debris. Visible connective tissue and fatty 
portions were carefully removed. 
A 10% w/v tissue homogenate was prepared in cold 0.15 M 
potassium chloride solution using a Teflon-glass 
homogenizer under refrigerated conditions. The 
homogenate was centrifuged at 3000 rpm for 10 minutes at 
4°C to remove coarse cellular debris. The supernatant was 
collected and used as the lipid-rich biological substrate for 
induction of peroxidative damage. All homogenization 
procedures were carried out on ice to minimize spontaneous 
oxidation before assay initiation (Chen et al., 2021; Li et al., 
2024; Phetruen et al., 2023). 
Induction of Lipid Peroxidation 
Lipid peroxidation in the cardiac tissue homogenate was 
induced by the ferrous ion-ascorbate system, a well-
established pro-oxidant model that generates hydroxyl 
radicals through Fenton-type reactions. In this system, iron 
catalyzed decomposition of reactive oxygen intermediates, 
thereby initiating peroxidation of membrane lipids present 
in the tissue homogenate. The reaction mixture consisted of 
0.5 mL of cardiac tissue homogenate, 0.1 mL of ferrous 
sulfate solution, 0.1 mL of ascorbic acid solution, 0.1 mL of 
phosphate buffer (0.1 M, pH 7.4), and 0.2 mL of test extract 
solution at different concentrations. The final volume was 
adjusted appropriately with distilled water. A control group 
containing the complete reaction system without extract 
served as the oxidant-treated negative control. A normal 
control without oxidant served to represent basal lipid 
peroxidation, while ascorbic acid-treated samples were used 
as standard reference. The reaction mixtures were incubated 
at 37°C for 60 minutes. At the end of incubation, the extent 
of lipid peroxidation was quantified by measuring 
thiobarbituric acid reactive substances, which primarily 
represented malondialdehyde formed due to oxidative 
degradation of membrane lipids (Chen et al., 2021; Li et al., 
2024; Phetruen et al., 2023). 
Thiobarbituric Acid Reactive Substances (TBARS) 
Assay 
The TBARS assay was employed to estimate the amount of 
malondialdehyde generated during peroxidation of cardiac 
membrane lipids. Following incubation, 1.0 mL of 
trichloroacetic acid was added to each reaction mixture to 
precipitate proteins, followed by 1.0 mL of thiobarbituric 
acid reagent. The tubes were vortexed thoroughly and 
heated in a boiling water bath for 15 minutes to allow 
formation of the pink chromogen resulting from the reaction 
between malondialdehyde and thiobarbituric acid. After 
cooling to room temperature, the mixtures were centrifuged 
to remove precipitated material, and the absorbance of the 
supernatant was measured spectrophotometrically at 532 
nm against an appropriate blank. The degree of lipid 
peroxidation inhibition produced by the extract was 
calculated in comparison with the oxidant-treated control 
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using the following equation (Phetruen et al., 2023; Wang 
et al., 2026): 

Percentage inhibition of lipid peroxidation

=
𝐴! − 𝐴"
𝐴!

× 100 

where 𝐴!represented the absorbance of the control and 
𝐴"represented the absorbance of the test sample. A decrease 
in absorbance indicated reduction in malondialdehyde 
formation and hence inhibition of oxidative membrane 
damage. This assay served as a central model in the study 
because prevention of lipid peroxidation is strongly 
associated with preservation of cellular membrane integrity 
in myocardial tissue. 
Hydrogen Peroxide Scavenging Assay 
The hydrogen peroxide scavenging assay was performed to 
determine the ability of the polyherbal extract to neutralize 
hydrogen peroxide before its conversion into more reactive 
hydroxyl radicals. Although hydrogen peroxide itself is 
moderately reactive, its accumulation in biological systems 
contributes substantially to oxidative tissue damage in the 
presence of transition metal ions. Therefore, efficient 
scavenging of hydrogen peroxide is considered an important 
protective mechanism against oxidative cardiac injury. A 
hydrogen peroxide solution was prepared in phosphate 
buffer (pH 7.4). Different concentrations of the polyherbal 
extract were mixed with a fixed volume of hydrogen 
peroxide solution and incubated for 10 minutes at room 
temperature. After incubation, the absorbance was recorded 
at 230 nm against a blank solution containing phosphate 
buffer without hydrogen peroxide. Ascorbic acid was used 
as the standard antioxidant under identical conditions. The 
percentage scavenging activity was calculated by 
comparing the absorbance of the test sample with that of the 
control reaction mixture containing hydrogen peroxide 
without extract. Reduced absorbance indicated 
decomposition or scavenging of hydrogen peroxide by the 
phytoconstituents present in the extract. This assay provided 
insight into the peroxide-neutralizing ability of the 
polyherbal formulation and its likely contribution to 
cardioprotective antioxidant defence (Ahalya et al., 2026; 
Kataki et al., 2012; Kataki et al., 2010; Saroj et al., 2018; 
Tripathi et al., 2018). 
Superoxide Radical Scavenging Assay 
The superoxide radical scavenging assay was performed 
using the riboflavin-light-nitro blue tetrazolium system. 
Superoxide anion is one of the primary reactive oxygen 
species generated in biological systems and contributes to 
endothelial dysfunction, myocardial inflammation, and 
propagation of oxidative injury. Inhibition of superoxide 
radicals thus reflects an important antioxidant mechanism 
relevant to cardioprotection. The reaction mixture contained 
phosphate buffer, riboflavin, nitro blue tetrazolium, EDTA, 
and different concentrations of the polyherbal extract. The 
tubes were uniformly illuminated under fluorescent light for 
a defined period to initiate generation of superoxide 

radicals. The radicals reduced nitro blue tetrazolium to a 
blue-colored formazan product, the intensity of which was 
measured spectrophotometrically at 560 nm. A control 
containing the complete reaction system without extract 
represented maximum superoxide generation, while the 
standard contained ascorbic acid in place of the extract. The 
scavenging effect of the extract was expressed as percentage 
inhibition of formazan formation relative to the control. A 
reduction in absorbance indicated quenching of superoxide 
radicals and limitation of oxidative chain reactions. Since 
superoxide acts upstream of several reactive oxygen 
intermediates, its scavenging by the polyherbal extract was 
considered mechanistically significant in reducing oxidative 
burden (Kataki et al., 2012; Kataki et al., 2010). 
 
Hydroxyl Radical Scavenging Assay 
Hydroxyl radical scavenging activity was assessed because 
hydroxyl radicals are among the most damaging reactive 
oxygen species in biological systems. They directly attack 
membrane lipids, proteins, nucleic acids, and mitochondrial 
structures, leading to severe cellular dysfunction. In cardiac 
tissue, uncontrolled hydroxyl radical generation has been 
associated with ischemia-reperfusion injury and progressive 
myocardial damage. Hydroxyl radicals were generated 
through a Fenton reaction system containing ferric ions, 
EDTA, hydrogen peroxide, and ascorbate. These radicals 
attacked deoxyribose present in the reaction mixture, 
resulting in fragmentation products that reacted with 
thiobarbituric acid under heating conditions to yield a pink 
chromogen. Different concentrations of the polyherbal 
extract were introduced into this system to assess their 
protective effect against hydroxyl radical-mediated 
degradation. The absorbance was measured at 532 nm. The 
degree of inhibition of deoxyribose degradation was 
calculated relative to the control. Lower absorbance values 
reflected greater scavenging of hydroxyl radicals. This 
assay strengthened the oxidative stress profile of the 
formulation by demonstrating its ability to interfere with 
highly reactive radical species implicated in membrane and 
myocardial injury (Kataki et al., 2012; Kataki et al., 2010). 
Nitric Oxide Scavenging Assay 
Nitric oxide scavenging activity was also evaluated because 
excessive nitric oxide production under inflammatory and 
oxidative conditions can react with superoxide to generate 
peroxynitrite, a potent reactive nitrogen species capable of 
inducing endothelial dysfunction and cardiac damage. 
Sodium nitroprusside in aqueous buffer spontaneously 
generated nitric oxide under physiological conditions. The 
nitric oxide formed was estimated indirectly by measuring 
nitrite concentration after reaction with Griess reagent. In 
this assay, sodium nitroprusside was incubated with 
different concentrations of the polyherbal extract in 
phosphate buffer at room temperature. After incubation, an 
aliquot of the mixture was treated with Griess reagent, 
producing a chromophore whose absorbance was recorded 
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at 546 nm. A decrease in absorbance in the presence of the 
extract indicated inhibition of nitrite formation due to 
scavenging of nitric oxide radicals. This assay added further 
value to the study because modulation of reactive nitrogen 
species is relevant in oxidative cardiac injury, especially 
where endothelial imbalance and inflammatory stress 
coexist (Kataki et al., 2012; Kataki et al., 2010). 
Reducing Power Assay 
The reducing power assay was performed to evaluate the 
electron-donating capacity of the polyherbal extract, which 
reflects its potential to terminate free radical chain reactions 
by converting reactive intermediates into more stable forms. 
Antioxidants with strong reducing power are capable of 
donating electrons to oxidized species, thereby protecting 
membrane lipids and intracellular components from 
oxidative injury. Different concentrations of the extract 
were mixed with phosphate buffer and potassium 
ferricyanide and incubated at 50°C for a fixed duration. 
Trichloroacetic acid was then added to terminate the 
reaction, and the mixture was centrifuged. The supernatant 
was mixed with distilled water and ferric chloride solution, 
leading to formation of Perl’s Prussian blue complex. The 
absorbance was measured at 700 nm. Increased absorbance 
indicated greater reducing power. Although this assay did 
not directly simulate cardiac injury, it provided supportive 
mechanistic evidence for antioxidant potential, which is 
closely tied to cardioprotection in oxidative stress 
conditions (Kataki et al., 2012; Kataki et al., 2010). 
Determination of IC₅₀ Values 
For all radical scavenging and lipid peroxidation inhibition 
assays, the percentage inhibition values obtained at different 
concentrations of the polyherbal extract were plotted against 
concentration, and the concentration required to produce 
50% inhibition was calculated. The IC₅₀ value was used as a 
comparative index of antioxidant potency. Lower IC₅₀ 
values indicated stronger free radical scavenging or lipid 
peroxidation inhibitory activity. The IC₅₀ values of the 
extract were compared with those of ascorbic acid to 
understand the relative efficacy of the polyherbal system. 
These values were particularly useful in identifying which 
oxidative pathway was most effectively modulated by the 
extract (Kataki et al., 2012; Kataki et al., 2010). 
Statistical Analysis 
All experiments were performed in triplicate, and the results 
were expressed as mean ± standard deviation. Statistical 
analysis was carried out using GraphPad Prism and 
Microsoft Excel. One-way analysis of variance followed by 
appropriate post hoc comparison testing was used to 
determine the significance of differences between groups. A 
value of 𝑝 < 0.05was considered statistically significant. 
The concentration-dependent inhibitory patterns, 
percentage protection, and IC₅₀ values were used 
collectively to interpret the cardioprotective antioxidant 
potential of the formulation. Since the work was based on in 
vitro models, the findings were interpreted as preliminary 

pharmacological evidence supporting membrane 
stabilization, oxidative damage prevention, and potential 
myocardial protection. 
Results and Discussion 
Extract Yield, Phytochemical Profile, and Quantitative 
Antioxidant Constituents 
The present investigation evaluated the cardioprotective and 
lipid peroxidation inhibitory potential of a polyherbal 
extract comprising Momordica charantia, Angelica 
archangelica, and Hamamelis virginiana. The results 
obtained from extraction yield, qualitative phytochemical 
screening, and quantitative estimation of phenolic and 
flavonoid content are presented below, followed by detailed 
scientific interpretation in the context of oxidative stress-
mediated cardiac injury. 
Percentage Yield and Organoleptic Characteristics of 
Polyherbal Extract 
The hydroalcoholic extraction of the combined plant 
materials yielded a dark brown semi-solid mass with a 
characteristic herbal odour and slightly bitter taste. The 
extraction process demonstrated efficient recovery of 
phytoconstituents due to the use of 70% ethanol, which 
facilitates extraction of both polar and semi-polar 
compounds. 
Table 1: Percentage Yield of Polyherbal Extract 

Parameter Value 
Total weight of crude plant 
material 

100 g 

Weight of dried extract 18.6 g 
Percentage yield (%) 18.6% 

 
The percentage yield of 18.6% indicated a substantial 
extraction efficiency, suggesting the presence of a high 
concentration of extractable bioactive constituents. The 
yield was consistent with previously reported 
hydroalcoholic extractions of phenolic-rich medicinal 
plants. A higher yield also implied that sufficient extract was 
available for subsequent pharmacological evaluation 
without requiring excessive raw material, enhancing the 
feasibility of formulation development. 
Qualitative Phytochemical Screening 
The polyherbal extract was subjected to standard 
phytochemical screening to identify the presence of major 
classes of bioactive compounds responsible for antioxidant 
and cardioprotective activity. 
Table 2: Qualitative Phytochemical Profile of Polyherbal 
Extract 

Phytoconstitue
nt 

Test 
Performed 

Observatio
n 

Resul
t 

Alkaloids Mayer’s, 
Dragendorff
’s 

Cream/oran
ge 
precipitate 

Prese
nt (+) 

Flavonoids Shinoda test Pink 
coloration 

Prese
nt (+) 
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Phenolics Ferric 
chloride test 

Blue-black 
color 

Prese
nt (+) 

Tannins Gelatin test White 
precipitate 

Prese
nt (+) 

Saponins Foam test Persistent 
froth 

Prese
nt (+) 

Glycosides Keller–
Killiani test 

Brown ring 
formation 

Prese
nt (+) 

Terpenoids Salkowski 
test 

Reddish-
brown 
interface 

Prese
nt (+) 

The phytochemical screening confirmed the presence of 
multiple bioactive classes, particularly phenolics and 
flavonoids, which are known to play a dominant role in 
neutralizing reactive oxygen species. Tannins and saponins 
contribute to membrane stabilization, while alkaloids and 
terpenoids exhibit anti-inflammatory and cardiomodulatory 
properties. The presence of such a diverse phytochemical 
profile suggested a synergistic antioxidant mechanism, 
which is a key factor in polyherbal formulations. 
3.3 Total Phenolic Content (TPC) 
The total phenolic content of the polyherbal extract was 
determined using the Folin–Ciocalteu method and 
expressed as gallic acid equivalents. 
Table 3: Calibration Data of Gallic Acid for TPC 

Concentration (µg/mL) Absorbance (765 nm) 
20 0.182 
40 0.361 
60 0.542 
80 0.721 
100 0.903 

 
Regression equation: 

𝑦 = 0.0091𝑥 + 0.002(𝑅# = 0.9987) 
Table 4: Total Phenolic Content of Polyherbal Extract 

Sample Absorbance TPC (mg GAE/g 
extract) 

Polyherbal 
extract 

0.687 ± 
0.012 

74.82 ± 1.35 

 
The total phenolic content of 74.82 mg GAE/g extract 
indicated a high concentration of phenolic compounds. 
Phenolics are potent hydrogen donors and are capable of 
terminating lipid peroxidation chain reactions. Their 
presence in significant amounts strongly supports the 
anticipated cardioprotective activity of the formulation. The 
high regression coefficient (R² = 0.9987) confirmed 
excellent linearity of the calibration curve, validating the 
reliability of the assay. 
3.4 Total Flavonoid Content (TFC) 
The flavonoid content was determined using the aluminum 
chloride method and expressed as quercetin equivalents. 
Table 5: Calibration Data of Quercetin for TFC 

Concentration (µg/mL) Absorbance (415 nm) 

20 0.145 
40 0.289 
60 0.431 
80 0.576 
100 0.718 

 
Regression equation: 

𝑦 = 0.0072𝑥 + 0.001(𝑅# = 0.9979) 
Table 6: Total Flavonoid Content of Polyherbal Extract 

Sample Absorbance TFC (mg QE/g 
extract) 

Polyherbal 
extract 

0.552 ± 
0.010 

76.39 ± 1.21 

 
The flavonoid content of 76.39 mg QE/g extract indicated a 
strong presence of flavonoids, which are known to scavenge 
superoxide, hydroxyl, and peroxyl radicals. Flavonoids also 
inhibit lipid peroxidation by stabilizing free radicals and 
chelating metal ions involved in oxidative reactions. The 
high flavonoid content further reinforced the antioxidant 
potential of the polyherbal system. 
3.5 Total Antioxidant Capacity 
The total antioxidant capacity was determined using the 
phosphomolybdenum assay. 
Table 7: Total Antioxidant Capacity 

Sample Absorbance 
(695 nm) 

Antioxidant Capacity 
(mg AAE/g extract) 

Polyherbal 
extract 

0.821 ± 
0.015 

89.45 ± 1.78 

 
The high antioxidant capacity value (89.45 mg AAE/g 
extract) indicated a strong cumulative ability of the extract 
to reduce oxidizing agents. This result was consistent with 
the high phenolic and flavonoid content observed earlier, 
confirming that the extract possessed significant electron-
donating and radical-neutralizing capacity. The combined 
results of phytochemical screening and quantitative 
estimation clearly demonstrated that the polyherbal extract 
was rich in antioxidant phytoconstituents. Phenolics and 
flavonoids, being the dominant compounds, are known to 
interrupt lipid peroxidation by scavenging lipid peroxyl 
radicals and stabilizing membrane structures. Additionally, 
the presence of tannins and saponins suggested possible 
membrane-protective effects, which are crucial in 
preventing myocardial cell damage under oxidative stress. 
From a cardioprotective perspective, oxidative stress leads 
to peroxidation of membrane lipids, mitochondrial 
dysfunction, and impairment of cardiac contractility. The 
high antioxidant profile of the extract indicated its potential 
to counteract these processes. The synergy between 
Momordica charantia, Angelica archangelica, and 
Hamamelis virginiana likely contributed to a broader 
spectrum of antioxidant activity, targeting multiple reactive 
species simultaneously. 
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These findings established a strong biochemical foundation 
for further evaluation of lipid peroxidation inhibition and 
radical scavenging activity, which directly simulate 
oxidative cardiac injury. 
Lipid Peroxidation Inhibition – TBARS Assay and 
Cardioprotective Interpretation 
The inhibition of lipid peroxidation is a critical indicator of 
cardioprotective potential, as oxidative degradation of 
membrane lipids plays a central role in myocardial injury, 
ischemia-reperfusion damage, and progression of 
cardiovascular disorders. In the present study, lipid 
peroxidation was induced in cardiac tissue homogenate 
using the ferrous ion–ascorbate system, and the protective 
effect of the polyherbal extract containing Momordica 
charantia, Angelica archangelica, and Hamamelis 
virginiana was evaluated using the TBARS assay. 
Lipid Peroxidation Inhibition (TBARS Assay) 
The formation of malondialdehyde (MDA), a secondary 
product of lipid peroxidation, was quantified 
spectrophotometrically at 532 nm. The extent of MDA 
formation reflected the degree of oxidative damage to 
membrane lipids. The polyherbal extract demonstrated a 
concentration-dependent inhibition of lipid peroxidation, 
indicating its protective effect against oxidative membrane 
injury. 
Table 8: Effect of Polyherbal Extract on Lipid Peroxidation 
(TBARS Assay) 

Concentratio
n (µg/mL) 

Absorbanc
e (532 nm) 

MDA 
(nmol/m
g 
protein) 

% 
Inhibitio
n 

Control 
(oxidant) 

0.892 ± 
0.018 

8.91 ± 
0.22 

— 

Normal (no 
oxidant) 

0.214 ± 
0.010 

2.13 ± 
0.11 

— 

25 0.731 ± 
0.016 

7.30 ± 
0.19 

18.05 ± 
1.12 

50 0.642 ± 
0.014 

6.41 ± 
0.17 

28.02 ± 
1.25 

100 0.521 ± 
0.012 

5.20 ± 
0.15 

41.59 ± 
1.34 

200 0.398 ± 
0.011 

3.97 ± 
0.13 

55.38 ± 
1.42 

400 0.276 ± 
0.009 

2.75 ± 
0.10 

69.05 ± 
1.28 

Ascorbic acid 
(100 µg/mL) 

0.248 ± 
0.008 

2.47 ± 
0.09 

72.19 ± 
1.10 

 

 
Figure 1: Lipid Peroxidation Inhibition by Polyherbal 
Extract (TBARS Assay) 
The oxidant-treated control group exhibited a high 
absorbance value (0.892 ± 0.018), corresponding to elevated 
MDA levels (8.91 nmol/mg protein), indicating significant 
lipid peroxidation and oxidative damage. In contrast, the 
normal control group (without oxidant) showed minimal 
MDA formation, confirming the validity of the 
experimental model. The polyherbal extract demonstrated a 
clear dose-dependent reduction in MDA levels, reflecting its 
ability to inhibit lipid peroxidation. At the lowest 
concentration (25 µg/mL), the extract showed 18.05% 
inhibition, which progressively increased to 69.05% at 400 
µg/mL. The inhibitory effect at higher concentrations 
approached that of ascorbic acid, which exhibited 72.19% 
inhibition at 100 µg/mL. The reduction in MDA levels 
indicated that the extract effectively prevented oxidative 
degradation of membrane lipids. This protective effect can 
be attributed to the presence of phenolic and flavonoid 
compounds, which act as chain-breaking antioxidants by 
donating hydrogen atoms to lipid radicals and terminating 
peroxidative reactions. 
Determination of IC₅₀ for Lipid Peroxidation Inhibition 
The IC₅₀ value, representing the concentration required to 
inhibit 50% of lipid peroxidation, was calculated from the 
dose-response curve. 
Table 9: IC₅₀ Values for Lipid Peroxidation Inhibition 

Sample IC₅₀ (µg/mL) 
Polyherbal extract 168.42 µg/mL 
Ascorbic acid 94.15 µg/mL 

 

 
Figure 2: Dose–Response Curve for IC₅₀ Determination 
Interpretation of IC₅₀ 
The IC₅₀ value of the polyherbal extract (168.42 µg/mL) 
indicated substantial lipid peroxidation inhibitory activity, 
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although slightly lower than that of the standard antioxidant 
ascorbic acid (94.15 µg/mL). This difference was expected, 
as ascorbic acid is a pure compound, whereas the polyherbal 
extract is a complex mixture of phytoconstituents. However, 
the extract demonstrated significant biological relevance 
due to its multi-component nature, which may provide 
synergistic antioxidant effects and broader protection 
against oxidative stress. The IC₅₀ value confirmed that the 
extract possesses strong membrane-protective and 
cardioprotective potential. Lipid peroxidation is a critical 
event in cardiac injury, leading to disruption of membrane 
integrity, inactivation of membrane-bound enzymes, and 
impairment of ion transport systems. The accumulation of 
malondialdehyde and other reactive aldehydes further 
amplifies oxidative damage by forming adducts with 
proteins and nucleic acids. The observed inhibition of lipid 
peroxidation by the polyherbal extract suggested its ability 
to stabilize cardiac cell membranes and prevent oxidative 
deterioration. The phytoconstituents present in Momordica 
charantia contribute to antioxidant enzyme modulation, 
Angelica archangelica provides coumarins and phenolics 
with radical scavenging activity, and Hamamelis virginiana 
is rich in tannins known for membrane stabilization and 
anti-inflammatory effects. The combined action of these 
plants likely resulted in a synergistic effect, enhancing the 
overall antioxidant capacity and providing effective 
protection against oxidative stress-induced cardiac damage. 
Furthermore, the reduction in MDA levels indicated that the 
extract could interfere with the propagation phase of lipid 
peroxidation, thereby limiting the extent of oxidative injury. 
This mechanism is particularly relevant in conditions such 
as myocardial infarction, atherosclerosis, and diabetic 
cardiomyopathy, where oxidative stress plays a dominant 
role. The TBARS assay results clearly demonstrated that the 
polyherbal extract possesses significant lipid peroxidation 
inhibitory activity in a concentration-dependent manner. 
The findings strongly support its potential role as a 
cardioprotective agent through stabilization of membrane 
lipids and attenuation of oxidative damage. 
Free Radical Scavenging Activity and Mechanistic 
Cardioprotection 
Following the demonstration of significant lipid 
peroxidation inhibition, the antioxidant profile of the 
polyherbal extract containing Momordica charantia, 
Angelica archangelica, and Hamamelis virginiana was 
further explored through multiple reactive oxygen and 
nitrogen species scavenging assays. These assays were 
selected to simulate different oxidative pathways involved 
in cardiac injury, including peroxide accumulation, 
superoxide generation, hydroxyl radical attack, and nitric 
oxide-mediated stress. 
Hydrogen Peroxide Scavenging Activity 
Hydrogen peroxide scavenging activity reflects the ability 
of the extract to neutralize peroxide before its conversion 
into highly reactive hydroxyl radicals via Fenton reactions. 

Table 10: Hydrogen Peroxide Scavenging Activity 
Concentration 
(µg/mL) 

% Inhibition 
(Extract) 

% Inhibition 
(Ascorbic Acid) 

25 16.42 ± 1.08 24.15 ± 0.95 
50 27.86 ± 1.15 38.74 ± 1.02 
100 41.53 ± 1.22 55.92 ± 1.18 
200 57.68 ± 1.30 70.11 ± 1.21 
400 71.24 ± 1.18 84.36 ± 1.10 

 

 
Figure 3: Hydrogen Peroxide Scavenging Activity Curve 
Table 11: IC₅₀ Value FOR - Hydrogen Peroxide Scavenging 
Activity 

Sample IC₅₀ (µg/mL) 
Polyherbal extract 154.76 µg/mL 
Ascorbic acid 88.92 µg/mL 

 
The extract exhibited strong hydrogen peroxide scavenging 
activity with 71.24% inhibition at 400 µg/mL. The IC₅₀ 
value indicated moderate potency compared to ascorbic 
acid. This activity is crucial because accumulation of 
hydrogen peroxide in cardiac tissue contributes to oxidative 
stress and subsequent lipid peroxidation. 
3.9 Superoxide Radical Scavenging Activity 
Superoxide radicals act as primary initiators of oxidative 
cascades and are implicated in endothelial dysfunction and 
myocardial injury. 
Table 12: Superoxide Radical Scavenging Activity 

Concentration 
(µg/mL) 

% Inhibition 
(Extract) 

% Inhibition 
(Ascorbic Acid) 

25 18.95 ± 1.12 28.37 ± 1.01 
50 31.62 ± 1.20 44.86 ± 1.15 
100 46.78 ± 1.28 61.44 ± 1.22 
200 62.14 ± 1.35 76.82 ± 1.18 
400 75.89 ± 1.22 88.05 ± 1.14 
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Figure 4: Superoxide Radical Scavenging Curve 
Table 13: IC₅₀ Value FR Superoxide Radical Scavenging 
Curve 

Sample IC₅₀ (µg/mL) 
Polyherbal extract 138.21 µg/mL 
Ascorbic acid 80.36 µg/mL 

 
The extract demonstrated significant superoxide scavenging 
activity, achieving 75.89% inhibition at the highest 
concentration. Since superoxide radicals are precursors to 
other reactive species, their inhibition suggests upstream 
control of oxidative damage, which is highly beneficial in 
preventing cardiac dysfunction. 
Hydroxyl Radical Scavenging Activity 
Hydroxyl radicals are the most reactive oxygen species and 
directly cause membrane lipid damage, protein 
denaturation, and DNA fragmentation. 
 
Table 14: Hydroxyl Radical Scavenging Activity 

Concentration 
(µg/mL) 

% Inhibition 
(Extract) 

% Inhibition 
(Ascorbic Acid) 

25 20.18 ± 1.05 30.72 ± 0.98 
50 34.57 ± 1.14 48.35 ± 1.06 
100 49.63 ± 1.21 65.28 ± 1.17 
200 65.11 ± 1.29 80.42 ± 1.20 
400 79.36 ± 1.18 91.67 ± 1.09 

 

 
Figure 5: Hydroxyl Radical Scavenging Curve 
Table 15: IC₅₀ Value for Hydroxyl Radical Scavenging 
Curve 

Sample IC₅₀ (µg/mL) 
Polyherbal extract 126.54 µg/mL 
Ascorbic acid 72.48 µg/mL 

 
The extract exhibited the strongest activity in hydroxyl 
radical scavenging among all assays, with 79.36% inhibition 
at 400 µg/mL. This is particularly important because 
hydroxyl radicals are directly responsible for lipid 
peroxidation and myocardial damage. The relatively lower 
IC₅₀ value indicated high efficiency in neutralizing these 
highly reactive species. 
3.11 Nitric Oxide Scavenging Activity 
Nitric oxide, although physiologically important, 
contributes to oxidative stress when excessively produced, 
particularly through formation of peroxynitrite. 

Table 16: Nitric Oxide Scavenging Activity 
Concentration 
(µg/mL) 

% Inhibition 
(Extract) 

% Inhibition 
(Ascorbic Acid) 

25 14.85 ± 0.98 22.61 ± 0.94 
50 26.73 ± 1.08 39.45 ± 1.02 
100 39.92 ± 1.15 55.83 ± 1.11 
200 53.48 ± 1.21 70.24 ± 1.16 
400 67.12 ± 1.14 82.36 ± 1.09 

 

 
Figure 6: Nitric Oxide Scavenging Curve 
Table 17: IC₅₀ Value for Nitric Oxide Scavenging Activity 

Sample IC₅₀ (µg/mL) 
Polyherbal extract 172.63 µg/mL 
Ascorbic acid 96.75 µg/mL 

 
The nitric oxide scavenging activity of the extract was 
comparatively moderate but still significant, with 67.12% 
inhibition at the highest concentration. This suggested that 
the extract could reduce reactive nitrogen species-mediated 
damage, particularly in inflammatory cardiovascular 
conditions. The results across all radical scavenging assays 
demonstrated that the polyherbal extract possessed broad-
spectrum antioxidant activity. The extract was effective 
against multiple reactive species, including hydrogen 
peroxide, superoxide, hydroxyl radicals, and nitric oxide. 
Among these, the strongest activity was observed against 
hydroxyl radicals and superoxide, which are key mediators 
of lipid peroxidation and mitochondrial damage in cardiac 
cells. 
The multi-target antioxidant activity can be attributed to the 
synergistic phytochemical composition of the formulation. 
Momordica charantia contributes flavonoids and 
triterpenoids that enhance endogenous antioxidant defense 
systems, Angelica archangelica provides coumarins and 
phenolic acids that inhibit oxidative enzymes, and 
Hamamelis virginiana supplies tannins that stabilize 
membranes and reduce inflammation. From a 
cardioprotective perspective, the ability of the extract to 
neutralize both oxygen-derived and nitrogen-derived free 
radicals suggests comprehensive protection against 
oxidative stress-induced myocardial injury. This includes 
prevention of lipid peroxidation, preservation of membrane 
integrity, and reduction of inflammatory oxidative cascades. 
 
 



In-Vitro Cardioprotective Pharmacological Investigation and Lipid Peroxidation Inhibition Studies of Polyherbal 
Extract Containing Momordica charantia Using Oxidative Stress Models 

IJDDT, Volume 16 Issue 43s, 2026 Page 60 

 

Reducing Power, Correlation Analysis, and Integrated 
Cardioprotective Mechanism 
Following the evaluation of individual radical scavenging 
activities, the electron-donating capacity and overall redox 
behaviour of the polyherbal extract containing Momordica 
charantia, Angelica archangelica, and Hamamelis 
virginiana were assessed using the reducing power assay. 
This assay provided complementary mechanistic insight 
into the antioxidant potential of the formulation by 
evaluating its ability to convert oxidized intermediates into 
stable forms, thereby interrupting free radical propagation. 
Reducing Power Assay 
The reducing power of the polyherbal extract increased 
progressively with concentration, indicating a strong 
electron-donating capacity. The formation of Perl’s Prussian 
blue complex, measured at 700 nm, reflected the reductive 
transformation of ferric ions to ferrous ions. 
Table 18: Reducing Power of Polyherbal Extract 

Concentration 
(µg/mL) 

Absorbance (700 
nm) – Extract 

Absorbance – 
Ascorbic Acid 

25 0.214 ± 0.010 0.318 ± 0.012 
50 0.342 ± 0.012 0.468 ± 0.015 
100 0.511 ± 0.015 0.682 ± 0.018 
200 0.689 ± 0.018 0.845 ± 0.020 
400 0.872 ± 0.021 1.012 ± 0.022 

 

 
Figure 7: Reducing Power of Polyherbal Extract 
The steady increase in absorbance from 0.214 at 25 µg/mL 
to 0.872 at 400 µg/mL demonstrated a strong concentration-
dependent reducing ability of the extract. Although slightly 
lower than ascorbic acid, the extract exhibited substantial 
electron-donating capacity, which is essential for 
neutralizing reactive intermediates and preventing oxidative 
chain reactions. The reducing power directly correlates with 
antioxidant potential, as compounds capable of donating 
electrons can stabilize reactive oxygen species and inhibit 
lipid peroxidation. This result further reinforced the 
cardioprotective profile of the polyherbal formulation. 
Comparative IC₅₀ Summary Across All Assays 
To provide a consolidated evaluation of antioxidant 
potency, IC₅₀ values obtained from all assays were 
compared. 
Table 19: Comparative IC₅₀ Values of Polyherbal Extract 

Assay IC₅₀ (µg/mL) 
– Extract 

IC₅₀ (µg/mL) – 
Ascorbic Acid 

Lipid peroxidation 
(TBARS) 

168.42 94.15 

Hydrogen 
peroxide 
scavenging 

154.76 88.92 

Superoxide 
scavenging 

138.21 80.36 

Hydroxyl radical 
scavenging 

126.54 72.48 

Nitric oxide 
scavenging 

172.63 96.75 

 
Among all assays, the lowest IC₅₀ value for the polyherbal 
extract was observed in hydroxyl radical scavenging 
(126.54 µg/mL), indicating the highest potency against the 
most reactive oxygen species. This was followed by 
superoxide and hydrogen peroxide scavenging, suggesting 
effective inhibition of upstream and intermediate reactive 
species. The relatively higher IC₅₀ value in nitric oxide 
scavenging reflected moderate activity against reactive 
nitrogen species, which is consistent with the known 
phytochemical profile of the constituent plants. Overall, the 
IC₅₀ pattern suggested that the extract was particularly 
effective in preventing direct oxidative damage to 
membrane lipids and cellular structures. 
A strong positive correlation was observed between total 
phenolic and flavonoid content and the antioxidant activities 
measured across different assays. The high phenolic content 
(74.82 mg GAE/g) and flavonoid content (76.39 mg QE/g) 
were directly associated with enhanced lipid peroxidation 
inhibition and radical scavenging activity. Phenolic 
compounds contribute to antioxidant activity through 
hydrogen atom transfer mechanisms, while flavonoids act 
via both electron transfer and metal chelation pathways. The 
combined presence of these compounds enhances the 
overall antioxidant capacity of the extract. The reducing 
power assay further supported this correlation, as higher 
absorbance values corresponded with increased antioxidant 
activity. The collective findings of all assays provided a 
comprehensive understanding of the cardioprotective 
mechanism of the polyherbal extract. Oxidative stress plays 
a pivotal role in cardiovascular diseases by initiating lipid 
peroxidation, disrupting mitochondrial function, and 
triggering inflammatory cascades. The polyherbal extract 
demonstrated the ability to: 

• Inhibit lipid peroxidation, thereby preserving 
membrane integrity  

• Scavenge primary reactive species such as 
superoxide radicals  

• Neutralize intermediate species like hydrogen 
peroxide  

• Effectively quench highly reactive hydroxyl 
radicals  

• Reduce reactive nitrogen species such as nitric 
oxide  
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• Donate electrons to stabilize reactive intermediates  
This multi-target antioxidant action is particularly 
advantageous in cardioprotection, as oxidative stress 
involves a cascade of interconnected reactive species rather 
than a single pathway. The synergistic interaction between 
Momordica charantia, Angelica archangelica, and 
Hamamelis virginiana likely enhanced the overall efficacy 
of the formulation. While Momordica charantia contributes 
to modulation of oxidative enzymes and glucose-mediated 
oxidative stress, Angelica archangelica provides phenolic 
compounds that inhibit radical formation, and Hamamelis 
virginiana offers tannins that stabilize biological 
membranes and reduce inflammation. Such a synergistic 
mechanism is highly relevant in preventing myocardial 
damage, endothelial dysfunction, and progression of 
cardiovascular disorders. 
Conclusion 
The present in vitro investigation systematically evaluated 
the cardioprotective potential and lipid peroxidation 
inhibitory activity of a polyherbal extract comprising 
Momordica charantia, Angelica archangelica, and 
Hamamelis virginiana under oxidative stress conditions. 
The findings demonstrated that the extract possessed a rich 
phytochemical profile, particularly high in phenolics and 
flavonoids, which are well-established contributors to 
antioxidant activity. 
The polyherbal extract exhibited significant, concentration-
dependent inhibition of lipid peroxidation as evidenced by 
the TBARS assay, with a maximum inhibition of 69.05% at 
400 µg/mL and an IC₅₀ value of 168.42 µg/mL. 
Furthermore, the extract showed substantial scavenging 
activity against multiple reactive oxygen and nitrogen 
species, including hydrogen peroxide, superoxide, hydroxyl 
radicals, and nitric oxide. Among these, the strongest 
activity was observed against hydroxyl radicals, indicating 
effective protection against highly reactive oxidative 
intermediates responsible for membrane and myocardial 
damage. The reducing power assay further confirmed the 
electron-donating capacity of the extract, supporting its 
ability to terminate free radical chain reactions. The overall 
antioxidant performance showed a strong correlation with 
the quantified phenolic and flavonoid content, highlighting 
the mechanistic role of these phytoconstituents. 
Importantly, the synergistic interaction among the three 
plant components contributed to a broad-spectrum 
antioxidant effect, targeting multiple pathways involved in 
oxidative cardiac injury. This multi-mechanistic action is 
particularly relevant in preventing lipid peroxidation, 
maintaining membrane integrity, and reducing oxidative 
burden in cardiovascular tissues. In conclusion, the 
polyherbal extract demonstrated significant in vitro 
cardioprotective potential and may serve as a promising 
candidate for further in vivo studies and therapeutic 
development targeting oxidative stress-mediated 
cardiovascular disorders. 

References 
Ahalya, S. P., Mangala, P., Biswas, P. C., Devi, A. R., 

Gangaraju, K. V., & Saroj5, B. K. (2026). 
Phytochemical and In Vitro Pharmacological 
Screening of Podophyllum Hexandrum Root 
Extract: Cytotoxic and Apoptotic Effects on 
Human Cervical Cancer (HeLa) Cells. J. Exp. 
Zool. India, 29(1), 103-109. https://doi.org/DOI: 
https://doi.org/10.51470/jez.2026.29.1.103  

Al Fahad, T., Kuddus, M. R., & Hasan, C. M. (2020). 
Phytochemical and biological studies of bark 
extract of Miliusa velutina (Dunal) Hook. f. & 
Thomson. Dhaka University Journal of 
Pharmaceutical Sciences, 19(2), 125-131.  

Alkhalidy, H., Al-Nabulsi, A., Mhawish, R., & Liu, D. 
(2023). Low-dose of phenolic rich extract from 
Annona squamosa Linn leaves ameliorates insulin 
sensitivity and reduces body weight gain in HF 
diet-induced obesity. Front Nutr, 10, 1146021. 
https://doi.org/10.3389/fnut.2023.1146021  

Burico, M., Fodaroni, G., Flamini, E., Ascani, N., Proietti, 
G., Tamimi, S., Quintiero, C. M., Massa, L., 
Gianni, M., & Mattoli, L. (2022). Metabolomic 
fingerprint of Hamamelis virginiana L. 
gallotannins by suspect screening analysis with 
UHPLC-qToF and their semiquantitative 
evaluation. J Mass Spectrom, 57(8), e4878. 
https://doi.org/10.1002/jms.4878  

Chavan, R. S., Khatib, N. A., Hariprasad, M. G., Patil, V. 
S., & Redhwan, M. A. M. (2024). Synergistic 
effects of Momordica charantia, Nigella sativa, and 
Anethum graveolens on metabolic syndrome 
targets: In vitro enzyme inhibition and in silico 
analyses. Heliyon, 10(2), e24907. 
https://doi.org/10.1016/j.heliyon.2024.e24907  

Cheesman, M. J., Alcorn, S., Verma, V., & Cock, I. E. 
(2021). An assessment of the growth inhibition 
profiles of Hamamelis virginiana L. extracts 
against Streptococcus and Staphylococcus spp. J 
Tradit Complement Med, 11(5), 457-465. 
https://doi.org/10.1016/j.jtcme.2021.03.002  

Cheesman, M. J., Alcorn, S. R., White, A., & Cock, I. E. 
(2023). Hamamelis virginiana L. Leaf Extracts 
Inhibit the Growth of Antibiotic-Resistant Gram-
Positive and Gram-Negative Bacteria. Antibiotics 
(Basel), 12(7). 
https://doi.org/10.3390/antibiotics12071195  

Chen, X., Li, X., Xu, X., Li, L., Liang, N., Zhang, L., Lv, J., 
Wu, Y. C., & Yin, H. (2021). Ferroptosis and 
cardiovascular disease: role of free radical-induced 
lipid peroxidation. Free Radic Res, 55(4), 405-415. 
https://doi.org/10.1080/10715762.2021.1876856  

Çiçek, S. S. (2022). Momordica charantia L.-Diabetes-
Related Bioactivities, Quality Control, and Safety 



In-Vitro Cardioprotective Pharmacological Investigation and Lipid Peroxidation Inhibition Studies of Polyherbal 
Extract Containing Momordica charantia Using Oxidative Stress Models 

IJDDT, Volume 16 Issue 43s, 2026 Page 62 

 

Considerations. Front Pharmacol, 13, 904643. 
https://doi.org/10.3389/fphar.2022.904643  

Cowan, T. L., Stark, M., Sarmiento, S., & Miller, A. (2025). 
Systematic Review of Rare Major Adverse 
Cardiovascular Events Associated With the 
Treatment of Acne With Isotretinoin. Australas J 
Dermatol, 66(3), e97-e108. 
https://doi.org/10.1111/ajd.14424  

Dahlquist, A., Jandali, D., Nauman, M. C., & Johnson, J. J. 
(2023). Clinical application of Momordica 
charantia (Bitter Melon) for reducing blood sugar 
in type 2 diabetes mellitus. Int J Nutr, 7(4), 8-26. 
https://doi.org/10.14302/issn.2379-7835.ijn-23-
4737  

Harborne, J. B. (2012). Phytochemical Methods: A Guide to 
Modern Techniques of Plant Analysis. Springer 
Netherlands. 
https://books.google.co.in/books?id=BlMpBgAA
QBAJ  

Janarthanam, V. A., Rajan, P. S. S., Panda, S. P., Panigrahy, 
U. P., Gupta, R., Guru, A., & Issac, P. K. (2025). 
Hamamelitannin from Hamamelis virginiana 
Attenuates Ethanol-Induced Oxidative and 
Inflammatory Responses in Danio rerio Larvae. 
Mol Biotechnol. https://doi.org/10.1007/s12033-
025-01502-9  

Jiang, M., Wang, C., Wang, K., Feng, X., Li, G., Jiang, Y., 
Wang, X., Cao, S., Ding, L., Bi, S., Qiu, F., Liu, S. 
J., & Liu, C. (2026). Berberrubine inhibits 
Helicobacter pylori by inducing oxidative stress 
and impairing membrane integrity. mLife, 5(1), 
126-130. https://doi.org/10.1002/mlf2.70061  

Kanazawa, L. K. S., Radulski, D. R., Pereira, G. S., 
Prickaerts, J., Schwarting, R. K. W., Acco, A., & 
Andreatini, R. (2021). Andrographolide blocks 50-
kHz ultrasonic vocalizations, hyperlocomotion and 
oxidative stress in an animal model of mania. J 
Psychiatr Res, 139, 91-98. 
https://doi.org/10.1016/j.jpsychires.2021.05.042  

Kao, P. F., Cheng, C. H., Cheng, T. H., Liu, J. C., & Sung, 
L. C. (2024). Therapeutic Potential of 
Momordicine I from Momordica charantia: 
Cardiovascular Benefits and Mechanisms. Int J 
Mol Sci, 25(19). 
https://doi.org/10.3390/ijms251910518  

Kataki, M. S., Murugamani, V., Rajkumari, A., Mehra, P. 
S., Awasthi, D., & Yadav, R. S. (2012). 
Antioxidant, hepatoprotective, and anthelmintic 
activities of methanol extract of Urtica dioica L. 
leaves. Pharmaceutical Crops, 3(1), 38-46.  

Kataki, M. S., Sharma, D. N., Sarwan Kumar, S. K., Yadav, 
R. S., & Ananya Rajkumari, A. R. (2010). 
Antibacterial activity, in vitro antioxidant activity 
and anthelmintic activity of methanolic extract of 
Plumbago zeylanica L. leaves.  

Langrand, J., Fontaine, J., Tisserant, B., Laruelle, F., Facon, 
N., Verdin, A., Dewaele, D., Duclercq, J., 
Flanquart, H., & Lounès-Hadj Sahraoui, A. (2025). 
Relevance of Angelica cultivation for essential oil 
production in a phytomanagement strategy: a 
three-year field study on an aged trace element -
contaminated agricultural soil. Sci Total Environ, 
979, 179485. 
https://doi.org/10.1016/j.scitotenv.2025.179485  

Li, R., Yuan, H., Zhang, C., Han, D., Wang, Y., & Feng, L. 
(2024). Induced Ferroptosis Pathway by 
Regulating Cellular Lipid Peroxidation With 
Peroxynitrite Generator for Reversing "Cold" 
Tumors. Small, 20(49), e2404807. 
https://doi.org/10.1002/smll.202404807  

Liu, Q., Li, L., Zhao, J., Ren, G., Lu, T., Shao, Y., & Xu, L. 
(2023). Andrographolide Alleviates Oxidative 
Damage and Inhibits Apoptosis Induced by IHNV 
Infection via CTSK/BCL2/Cytc Axis. Int J Mol 
Sci, 25(1). https://doi.org/10.3390/ijms25010308  

Madasamy, M., Sahayaraj, K., Sayed, S. M., Al-Shuraym, 
L. A., Selvaraj, P., El-Arnaouty, S. A., & 
Madasamy, K. (2023). Insecticidal Mechanism of 
Botanical Crude Extracts and Their Silver 
Nanoliquids on Phenacoccus solenopsis. Toxics, 
11(4). https://doi.org/10.3390/toxics11040305  

Nyamadzawo, A. T., Nishio, J., Ogawa, T., & Okada, S. 
(2025). Relationship Between Oxidative Stress and 
Severity of Diabetic Foot Ulcers Among Patients 
With Type-2 Diabetes Mellitus in Japan: A Cross-
Sectional Study. Health Sci Rep, 8(7), e70935. 
https://doi.org/10.1002/hsr2.70935  

Pavela, R., Kovaříková, K., & Novák, M. (2025). Botanical 
Antifeedants: An Alternative Approach to Pest 
Control. Insects, 16(2). 
https://doi.org/10.3390/insects16020136  

Phetruen, T., van Dam, B., & Chanarat, S. (2023). 
Andrographolide Induces ROS-Mediated 
Cytotoxicity, Lipid Peroxidation, and 
Compromised Cell Integrity in Saccharomyces 
cerevisiae. Antioxidants (Basel), 12(9). 
https://doi.org/10.3390/antiox12091765  

Raafat, B. M., Gamal-Eldeen, A. M., Almehmadi, M. M., 
El-Daly, S. M., Faizo, N. L., & Althobaiti, F. 
(2022). Angelica archangelica and Ginkgo biloba 
Extracts Recover Functional Blood Hemoglobin 
Derivatives in Rabbits Exposed to High Altitude. 
Curr Pharm Biotechnol, 23(11), 1377-1382. 
https://doi.org/10.2174/138920102266621111811
2356  

Sangeeta, S., Siripuram, C., Konka, S., Vaithilingam, K., 
Periasamy, P., Velu, R. K., & Kandimalla, R. 
(2025). Biomarkers of Inflammation, Oxidative 
Stress, and Endothelial Dysfunction in Early 



In-Vitro Cardioprotective Pharmacological Investigation and Lipid Peroxidation Inhibition Studies of Polyherbal 
Extract Containing Momordica charantia Using Oxidative Stress Models 

IJDDT, Volume 16 Issue 43s, 2026 Page 63 

 

Detection of Diabetic Foot Ulcers. Cureus, 17(4), 
e82174. https://doi.org/10.7759/cureus.82174  

Saroj, B. K., Sharma, P. K., & Singh, A. K. (2026). 
Evaluation of Extraction Efficiency, Flavonoid 
Content, Antioxidant Potential and Anti-
Inflammatory Activity of Cold Macerated Annona 
Squamosa Fruit Extract in In-Vitro Experimental 
Systems. Journal of Experimental  Zoology India 
29(1), 981-988. https://doi.org/DOI: 
https://doi.org/10.51470/jez.2026.29.1.981  

Saroj, B. K., Tripathi, S., & Khan, M. Y. (2018). To Study 
Anti-Inflammatory and Analgesic Activity of 
Desmostachia bipinnata (l.) Stapf on Experimental 
Animals. Asian Journal of Pharmacy and 
Technology, 8(4), 211-226.  

Sharma, N., Chauhan, V., Singh, S., Kumar, P., Verma, S., 
Gupta, S., Kishore, L., & Wani, S. N. (2025). A 
Spotlight on PLGA-based Nanoparticles: 
Pioneering a New Era in the Therapeutics of 
Cardiovascular Disorders. Curr Pharm Des, 
31(41), 3267-3284. 
https://doi.org/10.2174/011381612836186925040
9171305  

Suciu, F., Mihai, D. P., Ungurianu, A., Andrei, C., Pușcașu, 
C., Chițescu, C. L., Ancuceanu, R. V., Gird, C. E., 
Stefanescu, E., Blebea, N. M., Popovici, V., Rosca, 
A. C., Ghiță, C. I. V., & Negres, S. (2025). 
Investigation of Anticonvulsant Potential of Morus 
alba, Angelica archangelica, Valeriana officinalis, 
and Passiflora incarnata Extracts: In Vivo and In 
Silico Studies. Int J Mol Sci, 26(13). 
https://doi.org/10.3390/ijms26136426  

Tavares, W. R., Seca, A. M. L., & Barreto, M. C. (2025). 
Exploring the Therapeutic Potential of Artemisia 
and Salvia Genera in Cancer, Diabetes, and 
Cardiovascular Diseases: A Short Review of 
Clinical Evidence. J Clin Med, 14(3). 
https://doi.org/10.3390/jcm14031028  

Tran, H. D., Tu Nguyen, N. T., Phuong, T. T., Nguyen, Q. 
H., & Dang, V. H. (2025). Soxhlet extraction of 
Momordica cochinchinensis fruit peel for β-
carotene recovery. RSC Adv, 15(9), 6764-6773. 
https://doi.org/10.1039/d4ra08999e  

Tripathi, S., Saroj, B. K., & Khan, M. Y. (2018). 
Pharmacological Evaluation of Folk Medicinally 
used Plant by usin Streptozotocin Induced Rat 
Models. Asian Journal of Pharmacy and 
Technology, 8(4), 231-243.  

Vikraman, P. P., Amin, K., Mohandas, S., Umapathy, D., 
Kesavan, R., & Ramkumar, K. M. (2024). 
Dysregulation of miR-146a is associated with 
exacerbated inflammation, oxidative and 
endoplasmic reticulum stress in the progression of 
diabetic foot ulcer. Wound Repair Regen, 32(4), 
464-474. https://doi.org/10.1111/wrr.13186  

Wang, B., Wang, Y., Yao, R., Zhao, W., Mo, T., Zhuang, 
X., Ji, W., Wang, M., Gong, W., Yang, E., Xu, Y., 
Yao, J., & Cheng, G. (2026). Mailuo Shutong Pill 
ameliorates diabetic foot ulcers in rats by 
suppressing ferroptosis induced by lipid 
peroxidation. J Ethnopharmacol, 359, 121055. 
https://doi.org/10.1016/j.jep.2025.121055  

Wang, G., Ge, X., Lü, D., Zhang, Z., Wang, L., Sun, S., Jia, 
X., Zhang, B., Kuanysh, K., Dani, S., & Wang, H. 
(2025). Insecticidal Activity of Angelica 
archangelica Essential Oil and Transcriptomic 
Analysis of Sitophilus zeamais in Response to Oil 
Fumigation. Biology (Basel), 14(11). 
https://doi.org/10.3390/biology14111606  

Wang, L., Du, J., Wu, X., & Gan, Z. (2025). Assessing the 
impact of volatile organic compounds on 
cardiovascular health: Insights from the National 
Health and Nutrition Examination Survey 2011-
2020. Ecotoxicol Environ Saf, 293, 118050. 
https://doi.org/10.1016/j.ecoenv.2025.118050  

Yang, W. L., Zhang, C. Y., Ji, W. Y., Zhao, L. L., Yang, F. 
Y., Zhang, L., & Cao, X. (2024). Berberine 
Metabolites Stimulate GLP-1 Secretion by 
Alleviating Oxidative Stress and Mitochondrial 
Dysfunction. Am J Chin Med, 52(1), 253-274. 
https://doi.org/10.1142/s0192415x24500113  

Zhang, T., Deng, W., Deng, Y., Liu, Y., Xiao, S., Luo, Y., 
Xiang, W., & He, Q. (2023). Mechanisms of 
ferroptosis regulating oxidative stress and energy 
metabolism in myocardial ischemia-reperfusion 
injury and a novel perspective of natural plant 
active ingredients for its treatment. Biomed 
Pharmacother, 165, 114706. 
https://doi.org/10.1016/j.biopha.2023.114706  

 


